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AHP
TOPSISEvaluating and selecting software packages that meet the requirements of an organization are difﬁcult
aspects of software engineering process. Selecting the wrong open-source EMR software package can be
costly and may adversely affect business processes and functioning of the organization. This study aims
to evaluate and select open-source EMR software packages based on multi-criteria decision-making. A
hands-on study was performed and a set of open-source EMR software packages were implemented locally
on separate virtual machines to examine the systems more closely. Several measures as evaluation basis
were speciﬁed, and the systems were selected based a set of metric outcomes using Integrated Analytic
Hierarchy Process (AHP) and TOPSIS. The experimental results showed that GNUmed and OpenEMR soft-
ware can provide better basis on ranking score records than other open-source EMR software packages.
 2014 Elsevier Inc. All rights reserved.1. Introduction
Open-source software (OSS) packages in health informatics
online are increasing and gaining greater prominence. This reper-
toire of open source options beneﬁts future planners interested
in adopting a system by selecting an existing application. Software
ﬁrms have been producing a variety of OSS that can be customized
to meet the speciﬁc needs of an organization. The selecting inap-
propriate OSS adversely affects business processes and organiza-
tional functions. The task of selecting OSS packages has become
more complex because of (i) difﬁculties in accessing the applicabil-
ity of the software for business needs given that a large number of
software packages are available in the market; (ii) incompatibili-
ties between various hardware and software systems; (iii) lack of
technical knowledge and experience of decision makers; and (iv)
ongoing improvements in information technology [1,5]. Evaluators
tasked to select an OSS is often under schedule pressure and may
not have the time or experience to plan the selection process in
detail. Therefore, evaluators may not use the most appropriate
method for OSS selection [2]. The process of determining an OSS
package that meets speciﬁc needs of an organization is compli-
cated and time consuming. Such difﬁculty has led researchers to
investigate better means of evaluating and selecting software
packages. Multi-criteria decision-making (MCDM) problem means
making preference decisions over the available alternativescharacterized by multiple (usually conﬂicting) attributes [3].
MCDM aims to help decision makers select the best alternative,
sort out potential alternatives among the available options, and
rank the alternatives in decreasing order of their performance
[4,5]. The evaluation and selection processes involve simultaneous
consideration of multiple attributes to rank the available alterna-
tives and select the best one. Therefore, this process can be consid-
ered an MCDM problem.
As much as there are variety in healthcare subﬁelds and activi-
ties, there are different types of applications. This could be noted in
the projects categories listed in open source healthcare repositories
online, Medical Free/Libre and Open Source Software list [17,18].
An example of application classiﬁcation in the literature is given
in [19], where the author’s deﬁned 15 functional classes speciﬁc
to the medical domain based on the predominant functionality of
the projects. Some of these classes are Clinical Information Sys-
tem/Electronic Medical Records System, Messaging, Continuing
Medical Education, Data Acquisition, Decision Support, Imaging,
Issue Tracking, Laboratory Information System and Telemedicine.
In this paper, we consider only the ﬁrst (and the dominant applica-
tion type): open source electronic health record/electronic medical
record (HEREHR/EMR) software packages. The focus of this study is
to evaluate and select open-source EMR software packages based
MCDM using integrated AHP–TOPSIS in group contents from the
available options of open-source EMR software. The remaining sec-
tions of this paper are organized as follows: Section 2 covers the
related research and objectives of the present study. Section 3
describes the decision-making methodology for selecting
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ation and discussion of the results. Sections 5 and 6 discuss the
limitations and contributions of this research, respectively. Section
7 presents the conclusion.2. Literature review
The currently available open-source EMR software applications
have not been adequately analyzed and compared to guide poten-
tial implementers. Commonly used decision-making strategies can
be compared with those applied to available open-source software
applications. Several frame works and techniques, each with its
own beneﬁts and drawbacks, have been proposed for the deci-
sion-making process.
A fuzzy-based decision-making technique was proposed in [1],
with a fuzzy algorithm was used to describe the appropriate soft-
ware selection. The evaluation criteria, methodology for the selec-
tion of OSS, and evaluation of multiple OSS attributes were
explained. In [11], a fuzzy AHP–TOPSIS two-stage method for soft-
ware selection was presented. The method deﬁnes a two-step soft-
ware selection, which are fuzzy AHP and fuzzy TOPSIS. The authors
described the evaluation criteria for OSS and deﬁned the method-
ology to acquire the appropriate software according to require-
ments. However, fuzzy appropriateness index and ranking values
for all alternatives are difﬁcult to calculate.
In [7], the AHP approach for software selection was utilized, a
problem was decomposed into six steps, and the software was
selected. The proposed framework deﬁnes the criteria and method-
ology for OSS selection. However, ranking the alternatives depends
on the alternatives considered for evaluation; thus, adding or
deleting alternatives can change the ﬁnal rank (rank reversal
problem).
In [9], a hybrid knowledge based system (HKBS) approach was
proposed, and compared with AHP and Weighted Sum Model
(WSM) methods. This framework elaborated on the evaluation cri-
teria for OSS and the methodology for OSS selection, and priori-
tized OSS according to different requirements and evaluation of
its multiple attributes. Resulting score of AHP and WSM indicates
relative ranking of the alternatives whereas result of HKBS shows
not only ranking of the alternatives but also indicates how well
each alternative meet user requirements of that package. In case
of AHP and WSM aggregate score of each alternative may not
remain consistent even though requirements are same because
aggregate score depends on expert’s own judgment which may
not remain consistent for all the time. Whereas HKBS produce
same results unless user requirements changes. In case of AHP
adding an alternative may cause a rank reversal (reversal in rank-
ing) problem that does not happens in case of HKBS. However, the
process is time consuming specially in the tanning calculations;
the training time typically on this case lasted for 15–20 min and
will be increase when the number of alternatives and criteria
increases.Table 1
Selection of reviewed literature on open-source software.
Method type References Sele
met
Fuzzy-based decision-making procedure [1] Yes
Hybrid knowledge based system (HKBS) approach [9] Yes
Fuzzy AHP–TOPSIS two-stage method [6] Yes
EFFORT (evaluation framework for free/Open souRce projecTs)
method
[10] No
Criteria for ERP selection using an AHP approach [7] Yes
Integrated AHP–TOPSIS model for software selection under
multi-criteria perspective
[8] YesIn [10], a method called EFFORT (Evaluation Framework for
Free/Open-souRce projecTs) was used to evaluate OSS, and an eval-
uation procedure for the multiple attribute so OSS was deﬁned.
However, the weights of the attribute were assigned arbitrarily.
A high number of criteria make it difﬁcult to assign weight.
In [8], an integrated AHP–TOPSIS model for software selection
was proposed and a multi-criteria decision-making evaluation
was deﬁned. The model used AHP and TOPSIS. This framework is
appropriate for evaluating multi-attribute OSS, and explains the
methodology and evaluation criteria for software selection.
Other observations based on review of the literature [5] are pre-
sented. First, little work has been performed on developing deci-
sion-making frameworks comprising a methodology, criteria, and
technique for selecting software packages. Second, a system/tool
with inbuilt knowledge of software evaluation criteria and evalua-
tion technique is required to assist decision makers in software
selection and produce consistent and transparent selection results
efﬁciently. Third, software packages can be evaluated using other
common criteria related to the quality, cost and beneﬁts of soft-
ware, as well as the vendor, hardware, and software requirements,
opinion of different stakeholders, and output characteristics of the
software package. Such evaluation option can be utilized although
the functional criteria for software selection are different for differ-
ent software packages.
Table 1 summarizes the literature reviewed and data collected
that consists of the OSS evaluation, selection methodology and cri-
teria, different tools used, multi-criteria selection, and a framework
prioritizing OSS. Only the integrated AHP–TOPSIS model consid-
ered all the aspects above, thereby helping decision makers under-
stand and decompose the problem into a decision-making
hierarchy. The model is a ﬂexible and powerful tool for handling
both qualitative and quantitative multi-criteria problems. The pro-
cedures are applicable to individual and group decision-making.3. Methodology
3.1. Conceptual framework
The design of our study is follow; on one hand, we give a close-
up of those alternative systems with respect to a set of measures,
through a relatively infrequent route of actually installing the soft-
ware and reporting more hands-on information on the installation
process, usability, as well as other variables. The input to this part
(sources and inclusion criteria of subject articles) is discussed in
later subsections.
The selection the open-source EMR software received input
from both the preliminary implementations of individual systems
on virtual machines and online information in the systems’ web-
sites. The output is a set of comparative between the subject sys-
tems, based on our set of variables using Integrated AHP and
TOPSIS, as well as more insight into the limitations and merits of
each system. All those elements of our study are shown in thection
hodology
Evaluation
criteria
Selection
criteria
Multi-criteria
evaluation
Yes No Yes
Yes Yes No
Yes No No
Yes No Yes
Yes No No
Yes Yes Yes
 Open-Source EMR Soware Packages 
Evalauaon and Selecon the Open -Source EMR Soware Packages 
Evaluaon (Hands-on Study Design) Online informaon
Selecng Open-Source EMR Soware 
Packages
Preliminary Invesgaon of Availability for 
Open-Source EMR Soware Packages 
Fig. 1. Conceptual framework.
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paper, evaluation and selection.
3.1.1. Evaluation and selection the open-source EMR software
packages
Methodology for evaluation and selection of the open-source
EMR software packages involves procedures and steps thatTable 2
Summary of the subject open-source EMR software packages.
Software Brief description
FreeMED About FreeMED is an open source electronic medical record and p
Website http://freemedsoftware.org/
GNUmed About Free, liberated open source Electronic Medical Record softw
ambulatory settings, i.e. multi-professional practices and cli
Windows and Mac OS X. It is developed by a handful of me
Website http://wiki.gnumed.de/bin/view/Gnumed
GNU
Health
About GNU Health is a free Health and Hospital Information Syste
improve the lives of the underprivileged, providing a free sy
ofﬁcial GNU Package, and the Hospital Information System
Health, for both implementation and training
Website http://health.gnu.org/
Hospital OS About A research and development project for a Hospital Managem
supported by the Thailand Research Fund (TRF). ‘‘Hospital O
Website http://www.hospital-os.com/en/index_main.php
HOSxP About A hospital information system, including Electronic health re
the healthcare workﬂow of health centers, for small sanato
Website http://hosxp.net/joomla25/
Website http://www.mirthcorp.com/products/mirth-connect
OpenEMR About OpenEMR is a Free and Open Source electronic health record
Mac OS X, and many other platforms. OpenEMR is ONC Com
electronic medical records in use today
Website http://www.open-emr.org/
OpenMRS About OpenMRS is an application which enables design of a custom
and systems analysis knowledge is required). It is a common
be built
Website http://openmrs.org/
OSCAR About A web-based electronic medical record (EMR) system initiall
EMR and billing system used by many doctor’s ofﬁces and p
Website http://oscarmcmaster.org/
THIRRA About An open source web-based Electronic Health Records (EHR)
TeleHealth and Health Informatics for Rural and Remote Ar
Website http://thirra.primacare.org.my/
WorldVista About World Vist A EHR is an open source electronic health record
Department of Veterans Affairs (VA)
Website http://worldvista.org/
ZEPRS About The Zambia Electronic Perinatal Record System (ZEPRS) is a
hospital (the University Teaching Hospital) in Lusaka, Zamb
Website http://www.ictedge.org/projects/zeprs
ClearHealth About An Open Source practice management (PM) and electronic m
License. It has received attention as a possible open source
Website http://www.clear-health.com/
MedinTux About Free software for managing consultations written for the Fr
Website http://www.medintux.org/decision maker follows while software selection decision making.
Methodology is not intended as rigid structure, it is intended as
guideline or aid that can be adapted according to requirements
of the individual organization. On the basis of review of literature
we have developed a generic stage based methodology for selec-
tion of the open-source EMR software packages which comprises
three phases as follows:3.1.1.1. Preliminary investigation of availability of open-source EMR
software packages. Several elements conﬁne the scope of our study.
With respect to the term Health Informatics Software, the work in
this paper applies only to a subset of health informatics, a subset of
software systems, and then a subset of the combination of both the
later subsets [12–16]. Health informatics comprises a group of
ﬁelds, each with different types of software applications, and what
we consider in this paper is the category of electronic medical
records and electronic health records [17–19]. This selection
excludes other informatics ﬁelds like bioinformatics, and even
other health informatics subﬁelds such as imaging and visualiza-
tion [11].ractice management system which has been developed since 1999
are in multiple languages to assist and improve longitudinal care (speciﬁcally in
nics). It is made available at no charge and is capable of running on GNU/Linux,
dical doctors and programmers from all over the world
m with the goal of collaborating with health professionals around the world to
stem that optimizes health promotion and disease prevention. GNU Health is an
adopted by the United Nations University and International Institute for Global
ent Software to support small rural hospitals in Thailand. It is ﬁnancially
S’’ is also used as the name of the software
cord (EHR), in use in over 70 hospitals across Thailand. The software aims to ease
riums to central hospitals
s and medical practice management application that can run on Windows, Linux,
plete Ambulatory EHR certiﬁed and is one of the most popular open source
ized medical records system with no programming knowledge (although medical
framework upon which medical informatics efforts in developing countries can
y developed for academic primary care clinics. It has grown into a comprehensive
rivate medical clinics in Canada and other parts of the world
System. The name THIRRA was derived from its project title Portable System for
eas
(EHR) based on the highly acclaimed Vist A system of the United States
n Electronic Medical Record (EMR) system used by public obstetric clinics and a
ia
edical records (EMR/EHR/PHR) system available under the GNU General Public
option for FQHC and CHC sites
ench environment
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options among open-source EMR software exclusively, as opposed
to proprietary or commercial systems.
Finally, we have selected 13 available open-source EMR soft-
ware packages based on the access date at August 2013 and the
listed in open source healthcare repositories online Medical Free/
Libre and Open Source Software list [17,18]. An example of appli-
cation classiﬁcation in the literature is given in [19], and active
open-source EHR/EMR systems: FreeMED, GNUmed, GNU Health,
Hospital OS, HOSxP, OpenEMR, OpenMRS, OSCAR, THIRRA, World-
Vista, ZEPRS, ClearHealth, and MedinTux. This list is not compre-
hensive of all available open source EHR/EMR systems, but is a
representative set of popular open source EHR/EMR systems in
the literature as well as in open source repositories. Table 2 lists
this subject software of the study, along with their respective web-
sites and brief description, each in the vendor’ own words.
3.1.1.2. Evaluation (hands-on study design). The Hans on study
divides in two main parts; namely deployed each open-source
EMR software packages and establishing criteria for evaluation.
3.1.1.2.1. Deployed each open-source EMR software packages. This
phase includes two primary sources. Firstly, the available informa-
tion about the products, online, mostly through their own web-
sites, includes their online documentation and resources.
Secondly, actual preliminary implementations of each system, in
a separate virtual machine, mainly to experience the installation
process, and obtain a ﬁrst-hand impression about the usability of
the system. These implementations can serve a later thorough
investigation of the systems, in future research. The considered
systems are presented in Table 2.
Our approach was to install each system on a separate virtual
machine. For that purpose, we experimented with VMware Player
and Virtual Box open virtualization packages. The ﬁnal delivered
images with installed software were produced using Virtual Box
exclusively, because the free VMware edition does not export
appliances. In every case, we created ﬁrst the virtual machine,
and installed the guest operating system; we do not consider set-
ting the computer system on which to run the healthcare system
as part of the installation process of that system. To serve as a con-
venient reference, we also captured the processes on video screen
records.
This report summarizes our main ﬁndings about those systems
with respect to a set of measures. The aim is to provide a prelimin-
ary review of the comparative features of each system, and help
researchers and particularly potential implementers understand
the available open options in the healthcare information systems
industry. The measures against which we recorded the compari-
sons are summarized in Table 3.
3.1.1.2.2. Establishing criteria for evaluation the open-source EMR
software packages. In this phase criteria to be used for evaluation
of the open-source EMR software packages are identiﬁed and
arranged. The commonmetrics in our set of review articles to com-
pare between OSS systems include the technical details likeTable 3
Reference measure against which the open source were compared.
Measure Description
Technical details What is the adopted license type,
Usability How efﬁcient, easy and convenien
Functionality and features What core functions does the sys
Security What security measures does the
User support How well does the system provid
Developer support How well does the system allow
Customizability How much can the system be alte
Ease of installation How easy can the system be instaplatform, programming language and database system [34,35], or
functions/features and security [36,37]. To provide a broader scope
of evaluation, we added a few other measures. Referring to the
literature on software quality models, a frequently referenced
modeling standard is the International Organization for
Standardization and International Electro-technical Commission
9126-1 quality standard [38]. ISO/IEC 9126-1 speciﬁcally addresses
quality model deﬁnition and its use as a framework for software
evaluation. A 9126-1 quality model is deﬁned by means of general
software characteristics, which are further reﬁned into sub-charac-
teristics, which in turn are decomposed into attributes [39]. The six
quality characteristics deﬁned in the 9126-1 quality standard are:
Functionality, Reliability, Usability, Efﬁciency, Maintainability, and
Portability.
Reliability and maintainability metrics are hard to measure in a
limited experimental setting, and require long-term real-world
evaluation. Also, almost all our sample OSS are cross-platform,
excluding the need to include portability as a comparing factor,
but we kept the ease of installation metric (a measure under a
sub-characteristic of the portability quality characteristic in the
9126-1 standard) to emphasize the implementer perspective in
our study. We further chose to highlight the customizability out
of the usability measure, and also include user support to the mea-
sures set, as separate factors in evaluating OSS programs [40].
In the following subsections, we present the result of evaluating
our list of open-source EMR software packages, and comparing
between them, according to the eight criteria listed in Table 3,
measure by measure. In each case, we formulate the measure as
a subset of elements, and report the score of each system based
on those elements:
A. Technical details
As open source software, all the inspected systems are licensed
under free software/open source license [20–24]. They are pro-
vided free of charge, except for optional commercial support in
some cases. MySQL and PostgreSQL are the dominating database
systems, except for the legacy GT.M database engine, supporting
the US Veterans Affairs information system (WorldVista). Those
details in addition to the supported platforms [30] and develop-
ment programming languages [31–33] are listed in Table 4.
B. Usability
In order to have a basis to compare between the usability of the
systems included, we adopted the following set of measures:
 Efﬁciency (time to accomplish tasks or throughput).
 Learnability (time to learn and ease of learning).
 Satisfaction (comfort and acceptability of use).
We selected these measures from a number of usability
attributes in various standards and models, reported in [14].supported database systems, supported platforms and programming language?
t is the system to learn and use?
tem include with respect to a common reference set?
system support?
e help to its users?
for new developers to modify/contribute to it?
red to suit different users’ needs/preferences?
lled before actual use?
Table 4
Technical summary.
Software License Database Platform Language
FreeMED GPLv2 MySQL Cross-platform PHP, Java, JavaScript, bash, Perl
GNUmed GNU GPL PostgreSQL Cross-platform Python
GNU Health GNU GPL PostgreSQL Cross-platform Python
Hospital OS – PostgreSQL Server: Linux Java
Client: cross-platform
HOSxP GNU GPL MySQL, PostgreSQL, MS SQL Server, Interbase/Firebird Server: cross-platform Object Pascal
Client: Windows
OpenEMR GNU GPL MySQL Cross-platform PHP
OpenMRS OpenMRS Public License MySQL Cross-platform Java
OSCAR GPLv2 MySQL Cross-platform Java
THIRRA Mozilla Public License v1.1 PostgreSQL Cross-platform PHP
WorldVista GPLv2 GT.M Server: cross-platform M
Client: Windows
ZEPRS Apache Software License v2 MySQL Windows Java
ClearHealth GNU GPL MySQL Cross-platform PHP
MedinTux CeCILL MySQL Cross-platform C++ & Qt3
394 A.A. Zaidan et al. / Journal of Biomedical Informatics 53 (2015) 390–404Speciﬁcally, we adopted efﬁciency and satisfaction metrics from
ISO 9241-11 (1998) standard [41] and learnability from several
other books and studies [42–44].
We referred to some common functions in all the systems, and
conducted a rudimentary experiment where speciﬁc tasks are
attempted on the systems and a quantitative index is given to each,
per every measure above. The scale of the index is normalized to a
range of 1–5.
Three users were selected for this test. Two are from the med-
ical ﬁeld with low and high IT literacy. The third user is a profes-
sional programmer. In each test, the thirteen systems were
presented to the subject test user, in its respective virtual machine
and two of the researchers evaluated the usability, providing
needed instructions, timing, and then questioning the test subjects.
Three very common tasks in an electronic medical records sys-
tem are to: (1) create a patient, ﬁlling at least the basic demo-
graphic data, (2) enter a visit at the counter, and (3) generate a
report. The test users were asked to ﬁnd out how to fulﬁll these
tasks, without assistance other than the online help and documen-
tation, and the time consumed during this process is measured.
This time would serve to indicate learnability of a given system
compared to another, based on the same given tasks. After the user
had learnt how to accomplish the task, the actual time taken to
actually perform the operations was recorded to measure the rela-
tive efﬁciency associated with each application relative to the oth-
ers. Finally, the subjective feeling of ease and convenience
experienced by the user, as well as his impression of the user inter-
face would gauge the satisfaction factor [27].
Table 5 reports the results of the comparison. It should be
noted, however, that we are aware of the preliminary nature of thisTable 5
Subjective usability.
Software Learnability Efﬁciency Satisfaction
FreeMED 4 3 3
GNUmed 3 3 4
GNU Health 4 3 3
Hospital OS 2 1 1a
HOSxP 1a 1a 1a
OpenEMR 4 4 4
OpenMRS 3 4 4
OSCAR 3 3 3
THIRRA 3 3 3
WorldVista 3 3 3
ZEPRS 3 2 2
ClearHealth 3 2 2
MedinTux 1a 1a 1a
* Non-English interface.test. Indeed, we intend to expand the usability measure into a sep-
arate study, with adequate sample size. The mere goal here is to
provide a taste of the relative satisfaction of each system based
on a small reference sample.
Overall, most of the systems are similar on the usability scale,
except for those systems with non-English interfaces. We also
noted during the study that users with more IT experience tend
to give lower satisfaction rate for the subject EMR applications
while the speciﬁc user with pure medical background was more
impressed by the electronic systems, feeding higher satisfaction
scores, though spending relatively more time accomplishing the
tasks. The scores in Table 5 average the individual scores from
the three users.
C. Functionality and features
Most of the considered systems share a common set of core func-
tionality, but vary widely in the ﬁner features they offer. Fig. 2 sum-
marizes the main features and their association with each system.
For the purpose of comparison, a more compact set of traits is pref-
erable. We follow the eight core functionalities adopted in [45], as
the basis of the comparison summarized in Table 6.
The functionalities reported in [45] are:
1. Health information and data.
2. Results management (e.g., images, clinical dashboard, alerts).
3. Order entry and management (e.g., computerized provider
order entry, prescribing).
4. Decision support (e.g., drug interactions, prevention and detec-
tion alerts).
5. Electronic communication and connectivity (e.g., email, inte-
grated records).
6. Patient support (e.g., patient education content).
7. Administrative processes (e.g., patient scheduling, billing).
8. Reporting and population health management (e.g., quality
indicators, national registries).
The score in the ﬁnal column reﬂects the functionality with
respect to the eight very general measures, though systems do vary
in the degree and richness of support to the components of those
measures. From this perspective, the given score might not be
strictly fair, as a system is deemed supportive of a particular func-
tionality if it includes even a single component of the functionality,
though other systems could outweigh it in the support of other
functionalities, but still get smaller score. Nevertheless, most sys-
tems have medical records functionality, reporting and some
means to bill and schedule patient visits.
FreeMED
OpenMRS OSCAR MedinTuxClearHealthZEPRSWorldVistaTHIRRA
OpenEMRHospitalOS HOSxPGNUHealthGNUmed
1 3 4 5 6 7 8 9 10 11 12 22 2524232120191817161514132
Fig. 2. A visual map of each studied open source EMR system to the ﬁne-grained list of 25 software features. A line from a system’s box to a feature circle indicates the support
of that system to the feature.
Table 6
General core functionality.
Software 1 2 3 4 5 6 7 8
FreeMED U  U  U  U U
GNUmed U U  U U  U U
GNU Health U  U    U U
Hospital OS U  U    U U
HOSxP U U U U   U U
OpenEMR U   U U U U U
OpenMRS U  U  U  U U
OSCAR U  U U U  U U
THIRRA U U U U   U U
WorldVista U U U U   U U
ZEPRS U   U    U
ClearHealth U   U   U U
MedinTux U U U  U  U U
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namely Patient handling, Medical records, Support data, and
Admin tools. Each of these domains includes sub-features num-
bered from 1 to 25. In the following list, the number of systems
that satisfy each sub-feature is also shown:
Patient handling
1. Add/query (13/13)
2. Schedules/appointments management (12/13)
3. Encounters/call e ins management (5/13)
4. Email/SMS notiﬁcations (1/13)
Medical records
5. Patient demographics (13/13)
6. Allergies (5/13)7. Document management (4/13)
8. Attached documents/images (5/13)
9. Forms and letters (5/13)
10. Medication handling (10/13)
11. Vaccination/immunization handling (2/13)
12. Hospitalization (4/13)
13. Socioeconomics (1/13)
14. Billing functions (11/13)
15. Reports/statistics (11/13)
Support data
16. Codes management (4/13)
17. Templates (4/13)
18. Insurance management (3/13)
19. Providers (2/13)
Admin
20. Database export/backup (5/13)
21. Decision alerts (6/13)
22. Staff/doctor handling (2/13)
23. Prescriptions (5/13)
24. Lab admin/order/results (6/13)
25. Medicine/drugs information/inventory (5/13)
These features distribute the open-source EMR software as
follows:
1. OpenEMR (19/25)
2. GNU Health (16/25)
3. GNUmed (14/25)
396 A.A. Zaidan et al. / Journal of Biomedical Informatics 53 (2015) 390–4044. WorldVista (14/25)
5. OSCAR (14/25)
6. FreeMED (13/25)
7. HOSxP (10/25)
8. HospitalOS (9/25)
9. MedinTux (9/25)
10. OpenMRS (8/25)
11. ClearHealth (7/25)
12. THIRRA (7/25)
13. ZEPRS (5/25)
D. Security
An overall evaluation of the software systems’ security is
beyond the scope of this paper, and needs an extensive analysis
to measure the security on many aspects. From a defense-in-depth
perspective, security at the application and data levels is applicable
for individual software systems, while security of outer layers (host
and network security) is more deployment-dependent. Data secu-
rity implies secure storage through encryption, and protection
against loss through backup policies. Application security implies
a multitude of measures, which boils down to ensuring that no vul-
nerabilities in the application can be exploited to compromise an
asset. Thorough assurance of application security would require a
vulnerability scan, code analysis, and possibly penetration testing.
In the realm of health information systems, more rigorous secu-
rity requirements are expected, in particular those related to pre-
serving the privacy of medical records. Few standards began to
outline those requirements, most notably the American Health
Insurance Portability and Accountability Act(HIPAA)privacy rules.
Out of the 13 systems under consideration, only four report their
compliance to HIPAA. It is important to note, however, that compli-
ance to security and privacy regulations has more components
than just the software through which records are supplied and
retrieved, and involves a comprehensive adherence to policies,
practices, measures and tools covering the whole life cycle of
health information, including storage and exchange.
Nevertheless, to provide an indication of the comparable secu-
rity of our examined systems, we adopted a subset of security met-
rics against which the systems are compared, and report the
results in Table 7. Access control, HIPAA compliance, and security
of communication and data exchange are adopted from [46], based
on security and privacy categories identiﬁed in the ISO 27799
standard [47]. Secure storage and backup mechanisms are well-
established measures in research and industry literature (e.g.
[48,49] respectively). In Table 7, if a system declares its compliance
to HIPAA regulations a U symbol is placed in the corresponding
column along that systems’ row. Similarly, if the system provides
for a security measure in any perceivable way, the corresponding
column would contain a check mark.Table 7
Security measures.
Software Secure authentication and access control Secure Storage Secur
FreeMED U  
GNUmed   
GNU Health U  
Hospital OS   
HOSxP U  
OpenEMR U  
OpenMRS U  
OSCAR U  
THIRRA U  
WorldVista U  
ZEPRS   
ClearHealth U  
MedinTux   The most common security measure in our set of systems is the
authentication and access control [28], mainly utilizing passwords.
Secure storage and secure communications are totally absent from
current open source systems, whereas some systems already
started compliance with HIPAA privacy rules. A few systems even
lack any security/privacy mechanism, which comes as no surprise,
since applications of emerging ﬁelds tend to focus on the function-
ality/usability ﬁrst, and consider security as an afterthought.
E. User support
User support can take many forms. Different users prefer differ-
ent sources to learn about a system and obtain help. Some people
would be comfortable referring to textual materials, while others
are visual or auditory learners. Impatient or busy users would
appreciate shorter tutorials and to-the-point instructions more
than lengthy documents. For a product that spans more than one
discipline like a health information system, users might lack
enough background in information technology literacy, for exam-
ple, and in many situations a committed technical support is nec-
essary even through paid options. Therefore, documentation of a
product usually, and aptly, varies in media, volume and level of
details. We broke the support notion into several components to
provide a ﬁner view, and compared the studied systems based on
those elements. The results are presented in Table 8. Our set of user
support sources is based on a comprehensive survey of any avail-
able online help for all the studied open source software. From a
user perspective, all these elements can provide useful information
about the process of selecting, installing and then using the soft-
ware in production. For web-based applications, a common prac-
tice among software providers is to offer a demo implementation
of the application, hosted on the provider’s own server or a
donated hosting server. Some factors are well-known means of
communicating with users (e.g. forums and web blogs), whereas
others are becoming more common among software developers
(e.g. webcasts [50]).
Almost all systems have a website, and the worst systems in
this respect are those directed towards speciﬁc audiences, and
not meant to address the general English-speaking public. Notably
few systems (e.g. OpenEMR) satisfy all our measures of user sup-
port [25,26,29]. Availability of a demo website is a common prac-
tice among web-based systems, and indeed most of the web-based
open source systems provide for this option.
F. Developer support
Similar to user support, support for developers can be regarded
as a composite of several characteristics [51]. Table 9 enumerates
the software systems and indicates their provision of each support
feature. Availability of a discussion group to share ideas, questionse exchange Logging mechanism Backup mechanism HIPAA compliance
 U U
U  
  
  
 U 
U U U
U  
U  
  
  U
  
  U
  
Table 8
User support measures.
Software Website Forum Wiki/blog Video/webcast User guide Installation guide Demo site Commercial support
FreeMED U U    U U U
GNUmed U U U U U U  U
GNU Health U  U  U U  U
Hospital OS U Thai      
HOSxP U Thai Thai Thai    U
OpenEMR U U U U U U U U
OpenMRS U U U  U U U 
OSCAR U U U U U U U U
THIRRA U  U  U U U 
WorldVista U U   U U U 
ZEPRS U    U U U 
ClearHealth        U
MedinTux U French French U  U  
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and provides for a ﬁrst resort when encountering undocumented
issues during the development process. The same is true for mail-
ing lists where subscribed developers can receive up-to-date news
as well as recent discussion threads. For new developers in partic-
ular, a developer guide is often essential to explain core modules,
coding styles and similar aspects special for the target project.
Comments density is also an established quality indicator for OSS
[52]. We relied on the analysis of the open source directory
(www.ohloh.net/) to estimate the adequacy of code comments,
where we deem more than 10% of code lines an adequate com-
ments percentage.
Apparently from the corresponding table, support for develop-
ers is less taken care of than support for users. Nevertheless, most
systems except those of individual, governmental or project-
oriented natures have code repositories, as expected from open
source projects. Generally, similar to the security measure, much
is still needed towards supporting developers in available open
source healthcare applications.
G. Customization
Considering that the systems under study are open source
software, it is always possible, in theory at least, to modify the
software to one’s own needs, provided the required technical
knowledge and documentation are available and affordable. How-
ever, we consider here the ability to customize the system from a
user’s perspective. To help manage the comparison, we decom-
posed the customizability into aspects of localization, controlling
the interface elements, add-on functionality, dynamic reporting
and the ability to run custom scripts. All these measures are
derived by inspecting the OSS applications under study. We do
not consider here the system-level customization that requiresTable 9
Developers support measures.
Software Group Mailing list Code comments
FreeMED U  U
GNUmed U U U
GNU Health  U 
Hospital OS   
HOSxP Thai  
OpenEMR U  U
OpenMRS U U U
OSCAR U U 
THIRRA   U
WorldVista   
ZEPRS   
ClearHealth   U
MedinTux French  highly qualiﬁed personnel to conduct in a production environment
(e.g. as pertaining to the operating system or web server conﬁgura-
tions). Table 10 lists the details of the adopted components.
GNUmed by far is the most customizable system, while GNU
and popular open source projects (community-wise) like Ope-
nEMR, do support localization options. Many systems enable the
user to change some aspect of the appearance, including color
theme and fonts. Following this ability in support is to add custom
plug-ins, possibly developed by third parties, to extend the func-
tionality of the open source application.
H. Ease of deployment
Deployment of software systems is a somewhat general term
that can comprise many activities and span a long period since
installing the software until decommission. We restrict our atten-
tion here to the most obvious, and conceivably, most difﬁcult
aspect of installing the software, starting from a requirements-
compliant computer system and ﬁnishing with a launched copy
of the software on that system. Ease of installation is one of the
measures included in the ISO 9126 standard [38], under install
ability quality sub-characteristic. Installation effort and ﬂexibility
are other measures in this category.
In our experience, the examined systems vary widely when it
comes to the installation process, ranging from being as straight-
forward as a single-button installation to as frustrating as spending
several days trying to ﬁgure out what went wrong. Most of the sys-
tems assume a minimum level of technical literacy, at least to the
level of familiarity with setting up common software libraries and
database engines. Probably part of the difﬁculty we encountered is
due to the variety of the systems’ technologies, which calls for
broader expertise with different settings rather than a difﬁculty
in the systems themselves.Developer guide Code repository Bug tracker
 U 
U U U
 U U
  
  
U U U
U U U
U U U
 U 
U  
  
 U 
  
Table 10
Customization measures.
Software Localization Interface control Add-ons ability Custom scripts Custom reports
FreeMED     
GNUmed U U U U U
GNU Health U U U  
Hospital OS  U   
HOSxP  U  U U
OpenEMR U U U  
OpenMRS U U U  U
OSCAR   U  U
THIRRA U    
WorldVista     
ZEPRS     
ClearHealth   U  U
MedinTux  U   
398 A.A. Zaidan et al. / Journal of Biomedical Informatics 53 (2015) 390–404To facilitate the comparison of systems’ installations, we iden-
tify a few measures that can assess the relative ease of installing
each examined system. We interpret the ease with which software
can be installed as the time required for installation, expected
technical skills, availability of easy-to-follow instructions, and the
requirement of non-common dependencies required for the instal-
lation process to succeed. All these elements are induced from our
own experience installing the sample OSS under analysis. We sum-
marize the results of comparing the systems, based on those mea-
sures, in Table 11. It should be noted that the reported installation
times measure only the consumed time during the actual installa-
tion, excluding any time spent in frustration due to troubleshoot-
ing or learning about the process. Times of installation are
relatively low, but the level of expertise expected is somewhat high
in at least half of the systems. Although instructions are provided
most of the time, a certain level of familiarity with setting web
and database servers is implied.
3.1.1.3. Selecting open-source EMR software packages. The phase
metrics are collected on one table and weights are assigned to each
basic attribute in the criteria hierarchy using AHP. Each basic crite-
rion is rated in the hierarchy for each open-source EMR software
package considered for evaluation. The available alternatives are
ranked in descending order of the score, and the best software is
selected based on TOPSIS. Aggregate scores provided only an idea
about which software package is better than the other, as shown
in Fig. 3. However, individuals can always be relied on to select
the best software package, as in other selection options.
AHP is a multi-criteria decision-making approach for handling
complex decision problems. Saaty in [53] ﬁrst introduced this
approach in his seminal work. AHP is a multi-level structuredTable 11
Ease of installation measures.
Software Installation time (hours)⁄ Expected technical
FreeMED 4 More than average
GNUmed 2 Low
GNU Health 2 More than average
Hospital OS 1 More than average
HOSxP 5 Average
OpenEMR 1 Low
OpenMRS 3 More than average
OSCAR 3 Average
THIRRA 2 More than average
WorldVista 4 More than average
ZEPRS 1 Low
ClearHealth 2 Average
MedinTux 7 Average
⁄ Time ranges (in hours): 1 – [0–1/4], 2 – [1/4–1/2], 3 – [1/2–3/4], 4 – [3/4–1], 5 – [1–1
⁄⁄ Dependencies? excluding the required platform, e.g., Java and LAMP stack.
⁄⁄⁄ All installations assume the most simple approach, e.g., using installers if available.
⁄⁄⁄⁄ Times might be taken with tolerance, as many operations depend on the network stechnique, providing a comprehensive framework for evaluating
different alternative solutions for a certain problem. The alterna-
tive solutions are provided by deﬁning the objective, criteria,
sub-criteria, and alternatives to a decision problem. The decision
problem is ﬁrst decomposed into different criteria. The AHP can
be further decomposed in to sub-criteria, and so on, when the cri-
teria are complex. Each criterion is then analyzed independently.
AHP analytically evaluates its different criteria by comparing them
to one another after the hierarchy has been constructed. AHP uses
a pair-wise comparison technique for evaluating different alterna-
tives. Pair-wise comparisons deﬁne the relative importance of each
alternative with reference to each criterion. The AHP extracts the
weight of importance of each criterion from the pair-wise compar-
ison, and measures the performance of each alternative based on
each criterion. AHP transforms these assessments into numerical
values, which are then used to elaborate the priorities of each
alternative. The ﬁnal decision is made based on these priorities.
Saaty in [53] described the following steps to apply AHP:
 A hierarchy model that describes alternatives, criteria, and sub-
criteria for evaluation of these alternatives is constructed.
 Pair-wise comparison for the criteria and alternatives is estab-
lished to extract the decision matrices with a nine-point scale.
 The pair-wise comparison procedure is repeated for each crite-
rion, and then the priority of alternatives is acquired by accu-
mulating the weights.
 A ﬁnal decision is made on the basis of these priorities.
A scale that describes how many times more or less one ele-
ment is important from another is utilized to compare the different
attributes. Saaty in [53] used the nine-point scale to compare twoliteracy⁄⁄⁄⁄ Installation instruction⁄⁄⁄ Dependencies⁄⁄
U U
U 
U U
 
 
U 
U U
U U
U U
U U
U 
 
U 
1/4], 6 – [1 1=4–1 1/2], 7 – [1 ½–1 3/4].
peed.
Fig. 3. Integrated AHP–TOPSIS model for software selection using multi-criteria decision-making.
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Table 12, wherein the objective is ﬁrst deﬁned followed by the
criteria, sub-criteria, and alternatives.
TOPSIS allocates the scores to each alternative based on their
geometric distance from positive and negative ideal solutions.
The best alternative is selected, which according to this technique,
would be the one with the shortest geometric distance to the posi-
tive ideal solution and longest geometric distance to the negative
ideal solution, as described in the in the following steps:
Step 1: Construct the normalized decision matrix
This process tries to transform the various attributes dimen-
sions into non-dimensional attributes; this process allows a com-
parison across the attributes. The matrix (xij)m⁄n is then
normalized form (xij)m⁄n to the matrix, R = (rij)m⁄n using the normal-
ization method:
rij ¼ xij
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃXm
i¼1
x2ij
vuut, ð1Þ
This process will result a new Matrix R where R is as shown
below
R ¼
r11 r12 . . . r1n
r21 r22 . . . r2n
..
. ..
. ..
. ..
.
rm1 rm2 . . . rmn
2
66664
3
77775
Step 2: Construct the weighted normalized decision matrixIn this process, a set of weights w = w1, w2, w3,   , wj,   , wn,
from the decision maker is accommodated to the normalized deci-
sion matrix; the resulted matrix can be calculated by multiplying
each column from normalized decision matrix (R) with its associ-
ated weight wj. It should be noted that the set of the weights is
equal to 1,
Xm
j¼1
wj ¼ 1 ð2Þ
This process will result a new Matrix V where V is as shown
below:
V ¼
v11 v12 . . . v1n
v21 v22 . . . v2n
..
. ..
. ..
. ..
.
vm1 vm2 . . . vmn
2
66664
3
77775 ¼
w1r11 w2r12 . . . wnr1n
w1r21 w2r22 . . . wnr2n
..
. ..
. ..
. ..
.
w1rm1 w2rm2 . . . wnrmn
2
66664
3
77775
Step 3: Determining the ideal and negative ideal solutions
In this process, two artiﬁcial alternatives A⁄ (the ideal alterna-
tive) and A (the negative ideal alternative) are deﬁned as:
A ¼ fððmaxiv ijjj 2 JÞ; ðminiv ijjj 2 JÞji ¼ 1;2; . . . ;mÞg
¼ fv1;v2; . . . ; vj ;   vng ð3Þ
A ¼ fððminiv ijjj 2 JÞ; ðmaxiv ijjj 2 JÞji ¼ 1;2; . . . ;mÞg
¼ fv1 ;v2 ; . . . ; vj ;   vn g ð4Þ
It should be noted that J is a subset of {i = 1, 2, . . .,m}, that pres-
ent the beneﬁt attribute while J is the complement set of J, it can
be noted as Jc, which the set of cost attribute
Table 12
Results of weight calculated for four different developers.
Criteria Sub-criteria Weight calculated from the survey
Developer 1 Developer 2 Developer 3 Developer 4
Usability Learnability 0.102078 0.003362 0.017036 0.049233951
Efﬁciency 0.051006 0.030275 0.049347 0.049233951
Satisfaction 0.010772 0.030275 0.003903 0.049233951
Functionality and features Functionality and features 0.1478944 0.27895011 0.04261939 0.13003756
Security Secure authentication and access control 0.033865 0.037264 0.007614 0.024601446
Secure Storage 0.055686 0.031322 0.005437 0.015261721
Secure exchange 0.027609 0.062862 0.010347 0.015261721
Logging mechanism 0.027609 0.10703 0.020468 0.015261721
Backup mechanism 0.029901 0.076822 0.020468 0.012418779
HIPPA compliance 0.02223 0.050086 0.039545 0.015261721
User support Website 0.017431 0.003827 0.015303 0.010846816
Forum 0.004769 0.003419 0.015339 0.014614091
Wiki/blog 0.004769 0.003419 0.017118 0.004751382
Video/webcast 0.007482 0.003003 0.016784 0.007520622
User guide 0.004769 0.010997 0.007483 0.034435506
Installation guide 0.004769 0.020418 0.012627 0.022464576
Demo site 0.004769 0.013398 0.031819 0.004751382
Commercial support 0.005509 0.001118 0.037847 0.007023898
Developer support Group 0.003772 0.004068 0.002346 0.00717414
Mailing list 0.012549 0.007147 0.004242 0.00717414
Code comments 0.018585 0.02065 0.008222 0.064579292
Developer guide 0.024126 0.001602 0.00038 0.014266205
Code repository 0.037324 0.02065 0.001053 0.006386034
Bug tracker 0.023426 0.02065 0.001934 0.012710633
Customizability Localization 0.038161 0.00317 0.01162 0.056207623
Interface control 0.027107 0.001472 0.191107 0.138187693
Add-ons ability 0.027107 0.006234 0.029122 0.036041038
Customs scripts 0.014556 0.002241 0.057681 0.01277737
Custom reports 0.038161 0.004668 0.094049 0.034903984
Ease of installation Installation time (hours) 0.172209 0.13960158 0.22714075 0.12737706
400 A.A. Zaidan et al. / Journal of Biomedical Informatics 53 (2015) 390–404Step 4: Separation measurement calculation based on the
Euclidean distance
In the process, the separation measurement is done by calculat-
ing the distance between each alternative in V and the ideal vector
A⁄ using the Euclidean distant which is given by:
Si ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃXn
j¼1
ðv ij  vj Þ2
vuut ; i ¼ ð1;2;   mÞ ð5Þ
Similarly, the separation measurement for each alternative in V
from the negative ideal A is given by:
Si ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃXn
j¼1
ðv ij  vj Þ2
vuut ; i ¼ ð1;2;   mÞ ð6Þ
In the end of step 4, two values namely Si and S

i for each alter-
native has been counted, these two values represent the distance
between each alternative and both (the ideal and the negative
ideal).
Step 5: Closeness to the ideal solution calculation
In the process, the closeness of Ai to the ideal solution A⁄ is
deﬁned as:
Ci ¼ Si=ðSi þ Si Þ; 0 < Ci < 1; i ¼ ð1;2;   mÞ ð7Þ
It is obvious that, Ci ¼ 1 if and only if (Ai ¼ A), similarly, Ci ¼ 0
if and only if (Ai = A)
Step 6: Ranking the alternative according to the closeness to the
ideal solutionThe set of the alternative Ai can now be ranked according to the
descending order of Ci , the highest value the better performance.4. Discussion results and evaluation
The metrics are collected on one table, with security, user sup-
port, developer support, and customizability representing the
assigned true value as a scale of 1, and the assign nor into a scale
of 0. Usability and ease of installation are used as the same values,
which are included in Tables 5 and 11, respectively. The experi-
mental results on the functionality and features are obtained based
on two aspects. In the ﬁrst experiment, the eight core functional-
ities adopted in [45] are utilized. The total scores of each applica-
tion are combined for all eight cores, with the true value
assigned as a scale of 1, as shown in Table 6. The scores are then
normalized, as shown in Table 13. In the second experiment, the
more granular features of the functionalities are classiﬁed into four
domains, namely, patient handling, medical records, support data,
and admin tools. Each of these domains includes sub-features
numbered from 1 to 25, as shown in Fig. 4. The total scores of each
application are combined for these features to be distributed in the
EMR open-source software systems as OpenEMR (19/25), GNU-
Health (16/25), GNUmed (14/25), WorldVista (14/25), OSCAR
(14/25), FreeMED (13/25), HOSxP (10/25), HospitalOS (9/25), Med-
inTux (9/25), OpenMRS (8/25), ClearHealth (7/25), THIRRA (7/25)
and ZEPRS (5/25). The normalized scores are shown in Table 13.
The ﬁrst and second experiments based on the above table are
executed differently for weighted and non-weighted cases. The
scores without the weight of perspective from different developers
are shown in column 1 (non-weighted) of Table 14. The scores
that applied the weight of perspective from different developers;
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Fig. 4. Final scores based on integrated AHP–TOPSIS, wherein. (a) The results are based on ﬁrst experiment, and (b) the results are based on the second experiment.
Table 14
Scores based on integrated AHP–TOPSIS for W1, W2, W3, and W4.
Software Non-weighted S1+ S1 W1 S2+ S2 W2 S3+ S3 W3 S4+ S4 W4
First experiment
FreeMED 0.3861 0.0772 0.044 0.363 0.0927 0.0624 0.4023 0.1013 0.0346 0.2546 0.072 0.0384 0.3478
GNUmed 0.5317 0.0676 0.0577 0.4605 0.0881 0.0753 0.4608 0.0307 0.103 0.7704 0.0266 0.079 0.7481
GNU Health 0.3979 0.0734 0.0509 0.4095 0.1069 0.0331 0.2364 0.0677 0.0833 0.5517 0.0447 0.0688 0.6062
Hospital OS 0.2147 0.0793 0.0412 0.3419 0.1086 0.0313 0.2237 0.07 0.0852 0.549 0.0568 0.0599 0.5133
HOSxP 0.4083 0.0843 0.039 0.3163 0.098 0.0639 0.3947 0.0555 0.0958 0.6332 0.0599 0.0605 0.5025
OpenEMR 0.523 0.0656 0.0658 0.5008 0.0705 0.0932 0.5693 0.0598 0.0932 0.6092 0.0288 0.0794 0.7338
OpenMRS 0.4839 0.0675 0.0593 0.4677 0.0881 0.0709 0.4459 0.051 0.0982 0.6582 0.0277 0.0782 0.7384
OSCAR 0.4683 0.0723 0.0496 0.4069 0.0884 0.0739 0.4553 0.0899 0.0561 0.3842 0.0702 0.0421 0.3749
THIRRA 0.343 0.0753 0.0492 0.3952 0.1035 0.0509 0.3297 0.1017 0.0312 0.2348 0.0649 0.0512 0.441
WorldVista 0.3316 0.0765 0.0445 0.3678 0.1004 0.0573 0.3633 0.0983 0.0426 0.3023 0.0731 0.0376 0.3397
ZEPRS 0.2294 0.0855 0.0224 0.2076 0.1149 0.0129 0.1009 0.1053 0.0197 0.1576 0.0797 0.0206 0.2054
ClearHealth 0.335 0.0743 0.0497 0.4008 0.1041 0.0438 0.2961 0.0874 0.0673 0.435 0.0679 0.0469 0.4085
MedinTux 0.4752 0.0552 0.072 0.566 0.078 0.0856 0.5232 0.0702 0.0814 0.5369 0.0544 0.0637 0.5394
Second experiment
FreeMED 0.3861 0.0796 0.0496 0.3839 0.0996 0.0759 0.4325 0.1015 0.0352 0.2575 0.074 0.0434 0.3697
GNUmed 0.5317 0.0698 0.0613 0.4676 0.0939 0.0847 0.4742 0.0311 0.1031 0.7683 0.0306 0.081 0.7258
GNU Health 0.3979 0.0724 0.0631 0.4657 0.1046 0.0777 0.4262 0.0676 0.084 0.5541 0.0435 0.0762 0.6366
Hospital OS 0.2147 0.0851 0.0428 0.3346 0.1232 0.038 0.2357 0.0706 0.0853 0.5471 0.063 0.0607 0.4907
HOSxP 0.4083 0.0899 0.0357 0.2842 0.1143 0.0566 0.3312 0.0563 0.0957 0.6296 0.0659 0.0589 0.472
OpenEMR 0.523 0.0656 0.0783 0.5441 0.0705 0.1229 0.6355 0.0598 0.094 0.6112 0.0288 0.0878 0.753
OpenMRS 0.4839 0.0771 0.0581 0.4297 0.1127 0.0674 0.3742 0.0521 0.0981 0.6531 0.0429 0.0775 0.6437
OSCAR 0.4683 0.0743 0.0537 0.4195 0.0942 0.0835 0.4699 0.09 0.0564 0.3852 0.0718 0.0458 0.3895
THIRRA 0.343 0.086 0.0438 0.3374 0.1298 0.0286 0.1806 0.1024 0.0306 0.2301 0.0745 0.0473 0.3883
WorldVista 0.3316 0.0784 0.049 0.3846 0.1055 0.0692 0.3961 0.0984 0.043 0.3041 0.0747 0.0418 0.3588
ZEPRS 0.2294 0.0955 0.0224 0.19 0.14 0.0129 0.0844 0.106 0.0197 0.1567 0.088 0.0206 0.1897
ClearHealth 0.335 0.0837 0.0496 0.3721 0.127 0.0433 0.2543 0.0881 0.0673 0.4331 0.0759 0.0468 0.3814
MedinTux 0.4752 0.0651 0.0695 0.5163 0.1018 0.0779 0.4335 0.0709 0.0812 0.5339 0.0623 0.0615 0.4968
402 A.A. Zaidan et al. / Journal of Biomedical Informatics 53 (2015) 390–404developer 1 and 2, and 3 and 4 on columns 4, 7, 10, and 13 (W1,
W2, W3, and W4, respectively), are shown in Table 14.
The average of the four weighted cases from different perspec-
tives of the developers are shown in Table 14 and compared with
non-weighted decisions in Fig. 4(a) and (b). This chart shows dis-
tinctively the variation in the scoring of all open-source EMR soft-
ware packages with or without the weight factor. The x-axis
represents EMR-OSS, FreeMED, GNUmed, GNU Health, Hospital
OS, HOSxP, OpenEMR, OpenMRS, OSCAR, THIRRA, WorldVista,
ZEPRS, ClearHealth, and MedinTux from software 1–13. The y-axis
represents the results from integrated AHP–TOPSIS.
Fig. 4(a) and (b) indicates that the system numbers 2, 6, 7, 10,
11, and 13 are not different in ranking when weighted and non-
weighted cases are used in both experiments. However, the dis-
crepancies of the scores are more noticeable in the other systems,
particularly 1, 4, and 8. From this summary of ﬁgures, we can con-
clude that some systems potentially serve as a good basis forranking scores. System number 6, in particular, is an outstanding
application, but is inadequate in providing customization and sup-
port for developers. Similarly, system number 2 is a promising
product provided more attention is given to its security aspects.
System number 7 has been deployed in many developing
countries, and is a capable application when the full spectrum of
functionalities is covered beyond its original scenarios in
resource-constrained environments. System number 13 competes
well in the functionality aspect, but serves only a narrow audience
because English interface or user/developer support is not pro-
vided. System number 11 is not recommended because it is bound
to the initial project it was developed for. System number 10 is a
mature system that has been supported over the years, which,
however, could have led to the system being less ﬂexible in adapt-
ing to a new situation. This argument becomes more pertinent
because of the unique underlying technology in terms of the
database system and programming language.
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Even though our approach in this paper is multifaceted, and we
aimed to cover the subject from both evaluation and selection
perspectives, we have to acknowledge several limitations in our
study. In the following subsections, we discuss a few of these
limitations.5.1. Lab vs. real world implementation
One of important limiting factor in our study is the nature of our
implementation of the subject software. It is more of an artiﬁcial
prototype than a real-world setting. Though many installations
did contain sample data, the limited operations performed by the
researchers to probe the systems are certainly short of coping with
an actual usage model. Although we believe that our investigation
revealed the differences between systems relative to our deﬁned
set of comparative measures, we plan to exploit our ready preli-
minary installations on separate virtual machines as the basis
towards more extensive investigations of more complete and
real-like deployments.5.2. Samples representative
The study is thorough in methodology and represents a relevant
contribution to help decision making processes in the software
application selection. It is pertinent, though, to highlight a couple
of notes on the sample of OSS that formed the target of this study.
First, as mentioned earlier, the list of included software is not com-
prehensive, but it is representative of current active and popular
projects, as of the time of study. The exact list was compiled from
the more compact inventory in [17] (under the Electronic health or
medical record category) in order to provide for a manageable and
valid software sample. Second, this list was selected in August
2013. In the open source world, a lot of change could be expected
in the span of one year, including the rise and fall of projects. As of
November 2014, the study sample still forms almost the same list
in [17]. More studies are required to keep the evaluation up-to-
date, as many open-source EMR systems might be updated and/
or added within coming years. The highlight of the study is not
the results per se as much as the description of the application of
a sound evaluation methodology to a speciﬁc type of software
applications. It should serve as an example for using the evaluation
methodology for the open-source EMR software packages.5.3. Subjective vs. objective quality
Finally, as indicated in the results of the hands-on analysis,
many of the assessments regarding the comparative set of mea-
sures have a subjective quality. What mitigates this effect in our
opinion is the fact that those particular judgments are formed by
the same researcher, making a single reference for comparison,
however this reference was inaccurate.6. Research contributions
 Outlined samples of selection and active open-source EMR soft-
ware packages in the healthcare area.
 Investigated alternative systems relative to a set of metrics by
installing the software and reporting a hands-on experience of
the installation process, usability, as well as other factors.
 The open-source EMR software was scored based on a set of
metric outcomes using integrated AHP–TOPSIS.7. Conclusion
Investigating open-source EMR software alternatives is neces-
sary because few studies in the literature analyzed the available
open-source EMR software options beyond reporting their status
and proﬁling their spectrum. In the current research, a hands-on
study was performed, implementing the set of applications locally
on separate virtual machines, to examine the systemsmore closely.
Several measures were set as a comparison basis, and the systems
were scored based a set of metric outcomes using integrated AHP–
TOPSIS. GNUmed and OpenEMR software are the most promising
candidates for providing a good basis on ranking score records
compared with the other open-source EMR software packages.
Our study also revealed the lack several features, most notably
security and interoperability, support from developers. The sys-
tems, as software applications, feel similar from a usability per-
spective and share a common set of functionality although they
vary considerably in community support and activity, and as we
envision open-source EMR software packages as a building block
and a source of reference materials and consumer service.
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